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Abstract 
KEY WORDS: beam columns;connection;finite element method 
(analytical model);moment connection;steel(A710);weak-
axis;webs;welded joints;welding. 
An experimental and analytical investigation has been 
carried out on a beam-to-column web connection with the 
cr·tical connecting plates made of a micro-alloy steel (ASTM 
A710). A full-size connection was tested statically to 
failure. The test was basically a duplicate of a test by 
Glenn Rentschler in 1979, except that a new steel was used. 
This new steel was A710 which has greater strength and 
better ductility than the A572 steel used in the Rentschler 
test. Discussion of previous work on full scale moment 
connections, considerations in the design of the test setup 
and the overall approach to the intent of the testing 
procedure are presented. Micro-computer based data 
( .. . 
reduction pPograms were implemented to graphically display 
the data. A finite element method was used to compare 
theoretical strains in the tension connection plate ~ith 
measured strains. Presentation of experimental results and 
areas for future study are also included • 
..... 
REFERENCES: Hettich, Darin L., ''An Application of A710 Steel 
in a Beam-To-Column Weak-Axis Connection'',Master's Thesis, 
Lehigh Univ., October, 1990. 
1 
I 
Chapter! 
Introduction ,' 
.J 
Previous research on the subject of beam-to-column 
connections, conducted in the Fritz Engineering Labor
atory 
at Lehigh University, included full moment connection
s, 
semi-rigid connections, flexible welded angle connecti
ons 
and subassemblages representing a portion of a structu
re as 
well as many others. Rentschler and Driscoll conducte
d four 
tests on beam-to-column web moment connections subjected to 
a statically applied bending moment [11]. In one of these 
tests, specimen 14-1, failure of a fully welded momen
t 
connection was due to a fracture across the entire ten
sion 
flange near the welded zone when the applied load reac
hed 85 
% of the plastic moment. Figure 1 shows the Rentschl
er 
.~ \ 
connection. Figure 2 shows the fracture '·-of the tensi
on 
flange connection plate. Fracture initiated at the ed
ge of 
a butt weld joining the beam tension flange to the 
connection plate. Weld irregularities, and the change
 in 
geometry caused strain concentrations at the initiatio
n 
site. Another factor in the failure was the orientat
ion of 
the connection plates. These plates were oriented so 
that 
the rolling direction of the plates were perpendicular
 to 
the direction of the applied stress. A report by Dris
coll 
[5] concluded that the connection failed in a brittle manner n 
because of the large applied tensile strain which was 
2 
concentrated at the design detail. 
The current investigation was conducted in the National 
Science F·oundation (NSF) sponsored Eng.ineering Res·earch 
Center for Advanced Technology for Large Structural Systems 
{ATLSS) Engineering research center, under project A6 -
''High-Strength High-Value Steels For Welded Construction." 
Besides the NSF, there were other co-sponsors for the 
project and they were: the Pressure Vessel Research 
! 
Committee of the Welding Research Council; Lukens Steel Co.; 
G. S. I. Engineering; and the u. s. Navy David Taylor 
Research Laboratory. 
The primary goal of ATLSS is to advance the 
effectiveness of the nation's construction industry. This 
study on welding high-strength high-value precipitation 
strengthened steel alloys offers an opportunity to develop 
the technology needed to properly apply these steels. Up to 
this time, structures have been designed for materials of 
modest strength even though higher strength and more durable 
materials offer major benefits. The A710 material studied 
has strength on the order of 80 ksi yield strength as 
compared to more conventional steels; A572 maximum of 65 
ksi, and A36 with 36 ksi. A major objective of this project 
is to explore the application of the A710 steel in critical 
regions of a structure where both strength and ductility are 
3 
needed. Using a replica of the Rentschler specimen except 
that the flange and web connection plates were made of the 
A710 material as opposed to tqe A572 material used in his 
test which was fabricated and tested statically to failure. 
Attention was also focused on the details of the welding 
procedure, weld location and size so that unnecessary strain 
concentrations would be eliminated. For example, the 
backing bar on the transverse tension weld was removed and 
the change. in geometry was smoothed out. 
Fabrication of the test specimen and the test setup 
~ 
began in July of 1989 and testing was conducted in November 
of the same year. The specimen was tested in Fritz 
Engineering Laboratory at Lehigh University, utilizing the 
Baldwin five million pound universal testing machine. 
-
4 
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Chapter~ 
Test Specimen 
The purpose of the Rentschler test was to test a 
realistic beam-to-column web connection under loads found in 
a realistic structural setting. The test assemblage was 
composed of a column to which was attached a beam at the 
column mid-height. The applied loading on the beam and 
column plus the reactive forces on the column ends provided 
the force distribution similar to that of a web connection 
assemblage in an actual building frame. The connection was 
full scale using realistic beam and column sections, 
unsymmetrically loaded by an increasing monotonic load to 
simulate static conditions. 
' 
The specimen was designed acc9rding to the AISC i 
,I 
specification [1]. The same design was used for this test 
as for the Rentschler test. The connection was proportioned 
to resist the moment and shear generated by the full 
factored load. For gravity type loading (dead load plus 
live load) the load factor used was 1.7. The stresses used 
in proportioning welds, shear plates, and top and bottom 
moment plates were then equal to 1.7 times those given in 
Section 1.5 of the AISC specificatipn. The design shear 
stresses used for the A490 high-strength bolts (in bearing 
type connections) were equal to 4.0 ksi. 
5 
r 
The column section was made from welding two short 
columns together - one was a.W14 x 257 and was 13 ft. 
2 in. 
long and the other was a similar section, being 6 ft. 
8 in.-
for a total height of 19 ft. 10 1/8 in. The welded ar
ea of 
the column was far enough from the connection to hav
e no 
interference. The yield strength of the column had t
o be 
estimated using a Rockwell B Hardness test. It was f
ound to 
be 56.0 ksi. The beam section was a W27 x 94 with a y
ield 
strength of 59.0 ksi based on tension tests. These se
ctions 
provided a realistic combination of members to simula
te a 
connection in an actual multistory frame. The new 
connection is shown in Figure 3, noting that the ten
sion, 
compression, and web connection plates are made of th
e A710 
steel. 
•' 
The connection was proportioned so that the beam 
section at the beam-to-column juncture could resist the beam 
plastic bending moment, MP, and 81 % of the beam shea
r, VP, 
required to cause yielding of the beam web. This sec
tion is 
called the critical section. The beam length from th
is 
critical section to the application of the load was 4
8 in. 
The bolts used were A490 bolts and these joints were 
,, 
designed as bearing-type using an allowable bolt shea
r 
stress of 40 ksi. Round holes 1/16 in. larger than th
e bolt 
diameter were used, these holes were made in accordan
ce with 
6' 
., 
'. 
~- -- ·" ' - - ., 
. 
"' 
the AISC Specification. All bolts were installed by the 
turn-of-the-nut method. The test specimen was welded 
, C 
according to the AWS Structural Welding Code [2]. For 
fillet welds, the electrodes were E70-18. In determining 
the size of the fillet weld, the design shear stress on the
 
effective throat was taken as 1.7 times the allowable stres
s 
of 21 ksi. The full penetration groove welds were made 
using the shielded metal arc welding technique. All welds 
were checked tested ultrasonically for defects. 
The differences from the Rentschler test follow. The 
connection plates (tension, compression, and web) were A710 
steel as compared to Rentschler's A572 Grade 50 steel. The
 
A710 steel has a much greater yield strength than the Grad
e 
50 steel (80 ksi versus 50 ksi). The critical connection 
plates that failed in previous tests were oriented so the 
rolling direction was oriented with the longitudinal axis o
f 
the beam. Failure to do this was cited as a problem in 
earlier testing. 
The specimen was fabricated in Fritz Laboratory and the 
process was closely monitored. The welding was done by a 
certified welder. The fabrication quality of the finished 
specimen was g6od and probably better than average field , 
craftsmanship. The ultrasonic tests of the welds did not 
find any porosity, surface cracks, or inclusions that is "n
o 
A 
( \ 
V 
7 
'(J 
/ , 
reportable defects noted." 
. 8 ' 
chapter l 
Test setup! Testing Program 
0 
Due to the magnitude of the forces required to cause 
failure of the specimen, the reaction frame was carefully
 
designed. This design was done by Cheng Cheng Chen of 
Lehigh University's Civil Engineering Department.· The 
overall Test setup with the reaction frame is shown in ,,,+---
.--5--
Figure 4. 
The test specimen was placed in the five million pound 
universal testing machine with the machine applying a 
constant axial load, P, to the column. Previous tests 
showed that an axial load has some effect on yielding and 
deformation of connections (9]. Therefore; the load on the 
column was such that the combination of the constant colum
n 
load and the beam load at maximum (assumed to be when beam <, 
reaches MP) was 0.5P/Py of the column, this was the same as 
in the Rentschler test. PY is the axial load required to 
cause yielding in the column in the absence of bending 
moment. The lower end of the column was bolted to the flo
or 
and the upper end was held in a fixed-end condition by the
 
reaction frame. The load to the beam was applied by a 
hydraulic jack in increments to simulate static loading. 
The loading _of the beam a·nd column are represented in Figu
re 
5. 
9 
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The column.was initially loaded in 250 kip i
ncrements 
A 
until a load of 1766 kips was reached. Thi
s total column 
load was equal to the value of the column a
xial load, t>;·· 
obtained from P/Py <= 0.5 (2126.25 kips) minus 360 kip
s. 
The value of 360 kips is the beam load, V, 
calculated to 
cause MP in the beam at the critical section
. Then the beam 
was loaded in incre~ents of 20 kips. The v
alue of the 
column load, P, as applied by the upper hea
d of the testing 
machine was adjusted at each beam load increment to read
 
1766 kips plus the beam load, V. This allow
ed the testing 
machine to be at a load of 1766 kips plus th
e beam load. 
Thus, the column in the top half of the spe
cimen had an 
axial load of P· + V, and the lower half of 
the column had a 
value of P. 
At the time that the theoretical plastic m
oment of the 
beam was attained at the critical section, 
the value of the 
axial load in the upper column was equal to 
the desired 
value of P/Py = 0.5. When the value of V ex
ceeded 360 kips, 
the axial load in the column was allowed to 
increase beyond 
P/Py = 0.5 by the amount of the beam load abo
ve 360 kips. 
In this way, the test assemblage simulated a
n inverted 
assemblage of a building frame where the loa
d on a 
particular floor level increases the load on
 the column 
below that level relative to the column abo
ve. This 
procedure closely followed that of the Rent
schler test. 
10 
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While the test assemblage was in the elasti
c range a load 
increment was used, but once deflections be
came extreme a 
deflection increment was used. 
\ 
Before the column and beam were loaded for 
the test, an 
initial shakedown of the assemblage was don
e. The column 
was loaded to a maximum axial load of 450 k
ips and the load 
was released, then reloaded for the shakedo
wn of the column. 
After this the column was loaded to 1766 ki
ps by the load 
increment. When the desired axial load in 
the column was 
reached the beam went through a shakedown a
s well. The beam 
was loaded to a load of 140 kips by 20 kip 
increments then 
released to a load of 20 kips for the beam 
shakedown. Once 
this was done the test was ready to proceed
. 
Instrumentation of the test specimen involv
ed both 
computer and manual recordings. The electro
nic recording 
systems were a Hottinger Baldwin ·Messtechni
k GMBH UPM60 and 
a R.D.P. Electronics LTD. Translog 500 Data 
Logger Program, 
Version 1.0. The RDP system had 21 channel
s and the Baldwin 
56. The RDP system contained 7 LVDTs (linear variabl
e 
displacement transformers) and 14 strain gages, while
 the 
Baldwin had 56 strain gages. The manual rec
orded readings 
included: 3 tilt-meters, for rotation measu
rement, 2 dial 
gages, 1 load cell, reading and the column a
xial load reading 
from the five million pound machine. These
 manual 
11 
recordings were written down in specially formatted tables 
for eac~ ..,l.Q_a._<!_ __ step. Some readings such as load and 
~ \ displacement wet~ checked at the end of each load step to 
! 
,r 
make sure the values had not slipped due to yielding. This 
\ step was especially critical at displacements in the 
inelastic range. 
The location of the strain gages, LVDTs, and the other 
instrumentation is shown in Figure 6. A photo of the test 
setup is in Figure 7 .. 
12 
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Chapter! 
computer Modeling 
• 
The point of interest in the test is the A710 ten
sion 
connection plate. This is where the Rentschler t
est failure 
occurred and therefore it was thought necessary to
 have 
further information on the stress and strain distr
ibution 
throughout this plate. To get a better idea of th
is 
distribution an ADINA finite element model was us
ed. The 
test results were then compared with this finite 
element 
model as well as the Rentschler test. 
The best, and most popular, technique in computer
 
modeling the past several years has been the fini
te element 
) 
method, FEM, using one of the package programs su
ch as 
SAPIV, ADINA, ANSYS, or some other program in vog
ue. • As 1S 
4 
common knowledge, this method discretizes the stru
cture as a 
series of small elements. The number of elements 
is limited 
more or less by the ~ize of the computer. In ord
er to make 
an accurate analysis, one must use more and more e
lements. 
Hence, the model builder must choose which elemen
ts to use, 
how many of these elements to use, and what size 
the 
elements must be, and also what boundary condition
s to use. 
What one generally achieves is a very detailed an
alysis of a 
small portion of the original structure. 
'·. . .... - ~ ,, 
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The procedure used here was to model the overall test 
setup (Level I) and then to model the tension connection 
plate (Level II). The overall test setup was modelled usirig 
shell elements for the beam flanges, the connection plates, 
the column flanges, and the column web. The beam web was 
modelled using plane stress elements. But, because of 
symmetry only half of the structure needed to be model·,led . 
A vertical plane o.f symmetry existed through the beam and 
column. For the nodes on the line of symmetry at the column 
web, the X-displacement and Z-rotation were taken to be 
zero, except where the beam web and flange intersect, then 
only the X-displacement was taken as zero. Also the nodes 
for the beam along the line of symmetry, the X-displacement, 
X-rotation, Y-rotation, and z-rotation were taken as zero. 
At the bottom of the column, the nodes were assumed to be 
fixed, where as at the top of the column, the nodes were 
taken to be fixed except that a vertical, or Z-displacement, 
was allowed. This allowed application of an axial load to 
the column. The mesh for the Level I analysis is shown in 
Figure 8. 
The discretization assumed welded construction since 
trying to model bolted construction of the beam web to the 
beam connection plate would have been far beyond the scope 
of this project. The vertical web connection plate was 
assumed to be groove welded to the beam web, the location of 
14 
this weld being at the same longitudinal beam loca
tion as 
the transverse butt weld connecting the beam flang
e and the 
flange connection plate. This web connection plat
e was then 
assumed to be fillet welded to both the flange con
nection 
plate and the column web. The transverse butt wel
d 
connecting the beam flange to the flange connectio
n plate 
was assumed to be at the end of the flange connect
ion plate. 
Upon execution of the Level I computer runs, 
displacements around a local region in the Level I 
mesh were 
retained for use as input to the Level II, tension
 
connection plate, computer runs. The mesh for Le
vel II is 
shown in Figure 9. Shell elements were used to mo
del the 
tension connection plate. The loading on th'is stru
cture was 
the displacements and rotations from the Level I m
esh 
applied to the boundaries of the Level II mesh. T
he Level 
II mesh discretized the connection plate with a mu
ch finer 
mesh than in the Level I mesh. The reason for the
 two 
levels was to control the high cost of the finite 
element 
analysis, and to keep the scope of the problem wit
hin the 
means of the available computer program, and ,to ob
tain 
stresses and strains in a sufficiently small area 
in order 
to perform a meaningful analysis. For the Level I
I run, 
boundary displacements and rotations, from Level I
, were 
applied to the exterior nodes in the Level II mesh
. By this 
procedure, the stresses, strains and displacements
 obtained 
15 
' 
': 
were those which would be obtained in Level I 
runs had a 
finer mesh been used. For nodes on the bounda
ry of the 
Level II mesh which did not exist in level I, 
linear 
interpolation of displacements and rotations b
etween 
existing nodes was performed. 
The loading of the Level I mesh had to be adjusted from 
the actual test because the mesh took advantag
e of symmetry. 
Therefore, the load on the beam in the model w
ould be one 
half of that in the actual test, and similarly
 the axial 
load on the column would be reduced because of
 this 
symmetry. These forces were then applied to c
orresponding 
nodes using the static equivalents of the appl
ied loads, 
this method is also known as the lumped force 
technique. 
The ADINA finite element program allows for no
n-linear 
analysis. It is desired to know the stress an
d strain 
distributions in the tension connection plate, 
but basically 
it was desired to determine which portions of 
the A710 plate 
yielded, so therefor the non-linear portion of
 ADINA was 
utilized. For this a stress-strain curve had 
to be assumed 
for the connection. The linear portion of thi
s curve 
assumed a Young's Modulus of 29000 ksi and a P
oisson's ratio 
of 0.3. The type of non-linear hardening was 
assumed to be 
isotropic. The inputted yield stresses were 8
0.0 ksi. and 
59.0 ~si., while the strain hardening moduli w
ere computed 
16 
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J 
from the tensile specimen data as 275.0 ksi and 142.0 ksi 
for A710 and Grade 50 steel, respectively. Eighteen load 
steps were l,ls~d in the finite element model to handle the 
non-linear portion of the problem. 
The result of this finite element analysis were 
compared with the actual test results in a following 
chapter. 
17 
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Chapter~ 
Results 
The programmed loading sequence was applied in
 
increments of load and displacement up to the 
specimen 
failure. The loading sequence started with th
e shakedown of 
the column, followed by the beam shakedown. T
hen the 
specified loading was applied until the deflec
tions became 
excessive which was countered by a displacem
ent incremen~ 
The beam-load versus beam-deflection curve for
 the test is 
shown in Figure 10. The beam shakedown was fo
r a maximum 
beam load of 140 kips.. During testing, at a lo
ad of about 
320 kips, the hydraulic pump, used for the beam
 load, leaked 
causing the load to rapidly drop to zero, this
 can be seen 
on the load-deflection curve. After this pump 
problem was 
eliminated the beam was reloaded to 100 kips, 
then to 220 
kips, then to 300 kips where the deflection in
crement was 
resumed. The test continued to a beam load of
 400 kips when 
the capacity of the beam hydraulic pump and ho
ses were 
reached. The pump and hoses were then replaced
 with another 
pump with a higher capacity, noting that this 
replacement 
caused a small drop in the beam load from 402 
kips to 390 
kips, this is shown on the load-deflection cur
ve as the 
small dip in the curve •. Just before the specim
en fractured, 
the rotation meters were removed to avoid them
 from being 
damaged. The last load at which data was colle
cted was at a 
/ 18 
load of 419 kips. 
The beam-column specimen failed at a load of about 424
 
kips. Failure was by a sudden fracture of the beam te
nsion 
flange about an inch to two inches from the weld to th
e 
tension connection plate. The failure is shown in Fi
gure 
11. When the beam flange failed, the bolts in the web
 
sheared off and where flung in every direction. From 
inspecting the fracture surfaces it was apparent that
 the 
$ 
fracture initiated at the center of the beam flange ne
ar the 
beam web, the chevron markings were simply used to dis
cover 
this. Fracture mechanics state that when the crack dr
iving 
force exceeds the crack resistance strength, unstable 
crack 
growth occurs. Ultimate crack growth resistance is a
 
material property so when the limit is exceeded the m
aterial 
can not resist fracture, therefore, sudden failure res
ults,· 
as did in the case of the beam flange. The fracture d
id not 
initiate at the.weld as did the specimen in the Rentsc
hler 
test. 
From the beam-load versus beam-deflection curve, it is
 
noticed that the connection exhibited a distinct linea
r 
elastic slope followed by gradual yielding leading to 
a 
situation approaching a plastic plateau on the load-
deflection curve. The load-deflection curve gradually
 loses 
stiffness due to yielding of the elements within the 
19 
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assemblage. The connection had adequate strength to d
evelop 
the full plastic moment of the cantilever beam. Failu
re of 
. 
. ,, . 
this was due to fracture across the entire tension fla
nge of 
the beam over an inch from the transverse groove weld 
attaching the beam flange with the tension connection 
plate. 
The failure was instantaneous with no evidence of tear
ing 
prior to the last deflection increment. The beam load
 
dropped immediately to zero with no opportunity to obs
erve 
an unloading slope for the connection. A view side vi
ew of 
the failure is shown in Figure 12. 
The failure of this specimen occurred at a beam load o
f 
419 kips which is 120 percent of the beam load, v~, 
required to cause the plastic moment in the beam at th
e 
critical section. Since most design and analysis tech
niques 
for steel frames use beam span lengths from center-to-
center 
of column, the percentage of computed MP attained on th
is 
basis is even higher. If the centerline of the column
 were 
to be taken as the critical section, the load level re
ached 
would be 140 percent of the load calculated to produce
 MP. 
The beam deflection at the maximum load of 419 kips wa
s 2.75 
inches. This maximum deflection was about 360 percent 
of 
the yield displacement. 
To compare the strength and ductility of this test wit
h 
the Rentschler test, factors of stiffness and ductilit
y will 
20 
.. 
be examined. The stiffness, k, will be defined as the
 load 
at yield divided by the deflection at yield. The load
 at 
yield will be defined as the load needed to cause yield
ing 
at the critical section, vq:,. The deflection at yield will 
be found from extending the elastic portion of the beam
-load 
versus beam-deflection curve to vq>. The ductility, u,will 
be the final beam deflection divided by the deflection
 at 
yield. From these factors, it was found that for the 
Rentschler test, the stiffness,~' was 380 k/in. and t
he 
ductility, uR, was 2.45. For this test, k was 456 k/in
. and 
u was 3.60. This shows that this new connection with 
the 
A710 steel is stronger and more ductile than the previo
us 
Rentschler test. 
/ 
\ 
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Chapter! 
Test Data Management 
As stated in a previous chapter, data collection was 
done using two separate computer or electronic data 
acquisition systems (the ·:·Baldwin and RDP), as well as manual 
recordings. But, before any data was collected, the L
VDTs 
had to be calibrated with the RDP system. This was 
extremely difficult, laborious, time consuming, and 
frustrating. First, the author had to learn how to op
erate 
the RDP system, then the LVDTs had to be calibrated. 
Many 
problems with this system were encountered through thi
s 
calibration, including some inoperable channels. But,
 once 
I 
the calibrations were done and the strain gages were 
connected the data acquisition for each load step was 
extremely easy. The data was written directly to a fl
oppy 
disk where it could have been used with some other po
st-
processing device, but, since the Baldwin system recor
ded 
all its data on a tape, this could not be done. The B
aldwin 
system recorded data from 56 strain gages directly onto
 a 
tape that had to be manually read, this posed the prob
lem 
that the data had to be reduced by hand. 
To do this hand reduction of data, the author wrote 
some Fortran programs, and used the Quattro program 
available at the Lehigh University Computing Center (LUCC). 
' ,, ,,,Y- ' 
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Some of the written Fortran programs incl
uded a best-fit 
line program and one to reduce the strain
 gage data into 
their principal stresses. The quattro p
rogram was extremely 
--. 
helpful, because it allowed a lot of data
 reduction to be 
done just from entering the raw data from the test, w
hich 
was not overly difficult, just time consuming. From
 this 
Quattro program it was easy to produce many graphs
 and 
tables that were needed. 
__ .-/ 
These programs that were used on the micr
o-computer 
provided tremendous flexibility and power
 in the data 
reduction which allowed an in-depth study
 of the 
experimental data. 
A major effort in the pre-test setup of the data 
acquisition systems provided a relatively
 easy way of 
handling the huge volumes of data collect
ed from the test, 
even though it required a lot of data inp
ut into the micro-
computers. But, then again, it may have
 been even easier if 
a data acquisition system that would have
 allowed the use of 
I 
,I 
existing software to directly read the da
ta from a floppy 
disk, thereby eliminating a lot of the tim
e needed to 
manually input data. 
23 
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Chapter 1... 
Discussion of Results 
This project included an extensive theoretical 
analysis, using a non-linear finite element program to sol
ve 
a complex problem. The amount of data collected and 
assimilated for both computer and manual based retrieval wa
s 
voluminous. The key to making sense of the data recorded 
was knowing what to look for and then spot the trend while 
interpreting the data. Probably over a hundred stress 
versus load value or number plots were made in order to 
achieve the few simple observations that will be put forth.
 
The actual beam-load versus beam-deflection was 
compared with what was theoretically expected. The 
theoretical deflection was determined looking at the 
deflections caused by moment, column rotation, and shear. 
The definitions of each of these are shown in Figure 13. 
These equations are for linear behavior, so when the test 
specimen begins yielding they are no longer valid. The beam
 
loads used for comparison were 100, and 200 kips, 
corresponding to load steps #24 and #38, respectively. The
 
values from the theoretical deflection equations were simpl
y 
combined for an overall deflection. See Table 1 for 
comparison of the theoretical versus the actual deflections
. 
Note that the theoretical deflection did not take into 
\ , 24 
account any bolt slip. This was not included b
ecause it 
would have been very difficult to determine. 
But, if it had 
been included the theoretical deflections woul
d have been 
even closer to the actual deflections. These 
deflections 
' 
,were us~d to detezmine the slope of theoretica
l load-
deflection curve, and the intersection with the
 shear for 
the critical section and column web for the pl
astic moment 
(See Figure 10.). The value of Vmp= 350 kips and''VP= 300 
kips correspond to the shear required to cause
 the plastic 
moment of 1400 k-ft. at the critical section a
nd the column 
web, respectively. 
A non-dimensionalized form of the beam-load ve
rsus 
beam-deflection curve is shown in Figure 14, fo
r this test 
and the Rentschler test~ The value of Vis the
 beam load, 
while Vmp is the beam load required to cause th
e plastic 
moment at the critical section. The value of 
4/4p is the 
actual deflection divided by a theoretical def
lection found 
' 
from extending the elast1c slope of the load-d
eflection 
curve up to the value where the beam load, V, 
is equal to 
the value of VP then at this point the deflecti
on, 4P, was 
found. This non-dimensionalized curve shows th
at the new 
test is both stronger and more ductile than the
 Rentschler 
test, and that it is not just the higher plastic moment for 
the new test causing better results. 
25 
The ADINA finite element model was to determine whether 
the A710 tension connection plate had yielded before the 
test specimen failed. The elastic strains found in the 
tension plate are compared with the theoretical strains 
found from the FE analysis in Table 2. The directions and 
locations of the strain gages on the A710 plate are shown 
in 
Figure 15. The location of element #58 corresponds to the 
strain gages #22, 23, 24 and #28, 29, 30,.while element #238
 
corresponds with #25, 26, 27 and #31, 32, 33. The finite 
element analysis gave output in the form of stresses, 
therefore to compare this data with the strains from the 
test these stresses had to be reduced to strains. To do 
this, the generalized Hooke's Law equations were used. The
 
Adina FE analysis had beam loads in the elastic range that 
did not correspond to beam loadings in the test. A beam 
-
load of 70 kips will be used for comparison. The test had 
beam loads ·of 60 kips and 80 kips, but not 70 kips, 
therefore to determine the strains for a beam load of 70 
kips the strain values at 60 and 80 kips were linearly 
interpola~ed. The theoretical strains in they-
direction(the longitudinal axis of the beam) are almost 
identical to the test strains, varying by 0.12 % for elemen
t 
#238 and 6.6 % for element #58. At the tension connection 
plate this is the major axis of loading caused from the beam 
load. The strains in the x and xy-directions vary for ~ 
elements #238 and #58 by an·average of 24 %. These are well
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within the tolerance for the test simulation. With this 
good correlation between the FE model and the test values it 
would be easily understood that the model is an effective 
. 
tool to predict further the behavior of the entire test 
specimen. Therefore, from this good elastic correlation it 
would be easy to say that the inelastic behavior of the 1FE 
model will be a good indicator of the test specimen within 
the in-·elastic range. Note that the ADINA analysis did not 
consider any residual stresses from welding, or any 
temperature effects. This may cause the ADINA analysis to 
' 
underestimate the strains that would be in the actual test. 
The failure of the test was in the tension flange of 
the beam, not the connection plate, as the Rentschler test. 
Even though the A710 plate has a yield strength on the order 
of 80 ksi., the tension connection plate did yield. The 
A710 connection plate elements from the FE analysis that 
r 
have yielded for a beam load of 420 kips are shown in Figure 
16. The major yielding was near the weld connecting the 
plate to the beam flange. Considering that the FE model did 
not include,residual stresses, the actual yield area for the 
. 
tension plate would be larger due to the p~oximity to the 
transverse weld. Therefore, the connection failed in the 
beam tension flange, not because the A710 plate is stronger, 
but because the A710 plate is more ductile than A572 steel 
, of· the beam, and of the Rentschler test. 
27 
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For some stress distributions in the connection plate 
and the beam flange, Figure 17 shows the pertinent 
locations. The time equal 18.0 corresponds to a beam load 
of 420 kips. Looking at location 4, along the beam flange 
transverse direction, ~igure 18 shows the stress in they-
direction versus distance along the beam flange (0 being the 
edge of the beam flange and 4.4 the centerline of the beam). 
This shows a lot of yielding in the beam on the edge due to 
the stress being attracted to the area of more constraint. 
Simjlarly, the same happens at the beam centerline, the 
stress is drawn to the intersection of the beam flange with 
the beam web as well as with the web connection plate. A 
plot of stress in they-direction versus~distance along the 
plate is shown for the connection plate (location 3) in 
' Figure 19. The zero is at the column flange while 6.85 is 
at the connection plate centerline. This shows that the 
stress has not gotten into the region between o and 2.4, 
this is the portion of the plate that is not directly 
attached to the beam fla~ie, since the beam flange was not 
,:. 
wide enough. But, then the rest of the plot shows a 
relatively uniform stress along the rest of the distance 
across the connection plate. This plot does not show any 
yielding because the yielding occurred along the x-direction 
for most of the element of the connection plate. Figure 20 
shows a plot of stress in the x-dir~ction along location a. 
Here, o corresponds to the column web, 7.6 to the end of the 
28 
tension connection plate, and 13.3 the end of the FE mesh. 
The yield region is near the Jnd of the connection plate. 
The elements in the yield region shown in Figure 16, mostly 
started yielding in the x-direction. Other plots in they 
or x-directions for the remaining locations (Figure 17) are 
shown in Figures 21 to 25. 
• 
·~ 
. 
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Chapter! 
conclusions 
This study has presented the results of a complex, non-
linear analysis of a steel beam-to-column web moment 
connection. The connection was one where the beam was 
attached only on one side of the column with the beam 
bending moment tending to bend the column about its weak 
axis~ The analysis corresponded favorably with the 
I 
experimental results. Recommendations for further study 
follow. 
,,··· 
A complex three-dimensional finite element model using 
the ADINA program was used to simulate the actual test. 
This FE model was shown to be an accurate model of the test 
specimen. The results showed that the A710 tension 
connection plate had yielded before the test failure. The 
failure in the tension flange of the beam did not occur 
because of the higher strength of the connection plate, but 
'\ because of its better ductility. The test was compared with 
a test by Rentschler that was completely of A572~rade 50 
steel. The new test had A710 high-strength 1 w-alloy steel 
as the connection plates, with the beam and column made of 
Grade 50 steel. The results show that the new connection 
was both stronger and more ductile than the Rentschler 
specimen 14-1. 
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In the course of the research described in this re
port, 
several items of interest arose, which deserve fut
ure 
investigation .or further research. Some of these 
topics are 
listed below: 
' ~ 
1. Further study of the same connection but this 
would extend the A710 tension connection plate out
 
beyond the critical section where the test failed. 
The 
A710 connection plate would be welded to the colum
n, 
beam flange and web connection plate as before, bu
t 
also to the beam web for the length that the tensio
n 
conn~ction plate is extended. This plate would be
 in 
place of the beam flange out beyond the critical 
section. 
. 
2. Study of the same connection except that the 
~ A710 connection plates would be annealed so that th
e 
yield strength of 
yield strength of 
these plates would be the 
~ 
the beam and/o~. column. 
same as the 
3. Study of how different sizes of columns and 
beams affect the behavior of the connection plates
 and 
the overall results of these connections. This w
ould 
also result in a better understanding of how beam-
to-
column connections behave. 
• 
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4. Further finite element analysis might include: 
a finer mesh for the simulation of the test; a model 
that would incorporate the residual stresses from the 
welding; a model to include the bolts and the bolt slip 
that goes with these bolts; more time steps so that the 
non-linear portion of the analysis would be better 
approximated. 
f 
• 
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Table 1. Theoretical vs. Actual Beam Deflection 
Load I V I Defl. I Defl. 
I Diff. 
I I I I step (k) Theor. Actual ~ I I I I 
0 
(in.) (in.) I I I I 
-------------------------------------------------------I 
I I I 
I I I I 
19 I 0 I o.o I o.o I I I I I 
24 I 100 I 0.215 I 0.224 
I 
I I I I 
38 I 200 I 0.439 I 0.461 I I I I I 
I I I 
I 
Table 2. Finite Element Strains vs. Test Strains 
Note: V= 70 kips. 
I FE I Test I Diff. I I I (xlOA-6) (xlOA-6) % I I I 
------------------------------------------------
Element #58 I I 
I 
I I I 
Strain-YY I 245.1 I 230 I 6.57 I I I 
strain-XX I 32.6 I 47 I -30.6 I I I 
Strain-XY I 423.8 I 333 I 27.3 I I I 
I I I 
------------------------------------------------
Element #238 I I 
I 
I I I 
strain-YY I 251.2 I 251.5 I -0.12 I I I 
strain-XX I 16.1 I 19.5 I -17.4 I I I 
i I I I strain-XY 435.7 545.5 -20.1 I I I 
I I I 
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